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Up to Frames 2522-23362, 2522-23364 and 2522-23371 of 
27 June 76, which completes the acr;uioitiun of 
imagery for the study area. 


9 track, 1600 BPI CCT: Frames 2342-23411 and 2359-23351 


Status of Project 

The classifier dev/eloped by McCloy and described in ,a papar 
contained in the previous report has been used for two distinct 
situations. The brackets indicate response values in (band 4, 
band b, band 6, band 7). 

(i) Bool Lagoon Bool Lagoon was classified into twenty classes 
ranging linearly in steps from (10, 5, 5, 2) to (14, 12, 22, IB) 
corresponding to a transition from water to dry builrushes. The 
length of this line vector is 24.6 units so that each subclass 
covered a vector distance of 1.2 units. As the standard deviation 
in any one band, 1"or a uniform surface is about 0.4 units, the 
above resolutiori is acceptable. The classification was compared 
with 196H, 1:11 000 colour aerial photography of the Lagoon, and 
all spectral patterns discernable on the photography were revealed 
as different subclasses in the classification. It is intended to 
analyse a classif i caticn of Bool Lagoon on the December imagery 

in comparison with 1:30 000 colour and false colour imagery of the 
Lagoon, also taken in December. 

(ii) Coastal Dunes The coastal dunes are accompaniod by 
varying distances of native scrub on their hinterland side., 

This scrub also occurs, at varying densities on the dunes. 

The rlassifie:. using a line vector from (13, '1, 10,1, 1R.3, 

21.0) for scrub to (47.0, 56.0, 55.0, 49.0) for sand, classified 
all pixels according to the proportion of sand and scrub within 
the particular picture element. The classifier worked well, 

but imperfectly because the sand associated with the scrub was 
generally very white whereas the open sand expanses tenued to be 


mure oianijisti. Houiev/.ir l''lr.C.lciy i "i |(>p(>ncJun 1, 1 y uM. i in.i l.i cl M'c prupoi Lionii 
nf 'iiMiih .nil) s.iml fur u.'ii.h pixel ujilhiii p.ii I. uf I In t; 1 i f i t;i t, i > iP 
iinc) the re'JLilts ucne:- 

Lstinuited Prt'portinn ef S.'irid in Pixiil 


Symbol G 

used Ln ^ 

L Idssi f icution 

2 

3 

a 

5 

6 
7 

n 

9 


n% 10;4 2U% 3G''i: 60/, 70/ BO/ 90 / 100% 



T-able of Correspondcjncje belueen Classification and 
Estimation of Proportion of Sand, All pixels 
for L'hich estimates were made are contained in 
the table. 

The range of estimates fur each synibol is expectedly larger at the 
centre because of the significance of errors in estimation. Errors 
in positioning udll also be significant. 

(“icCloy is currently developing a better algorithm for applying this 
classifier, and when this is done then more detailed results uill be 
P’jDlislied, 

III ACCOPIPLISHI^ENTS 

Nil this cjuarter 
IV SIGNIFICANT RESULTS 


Nil this quarter 
V PUBLICATIONS 

ncCloy has been investigating, as part of another project, the geometric 
accuracy of mapping from landsat imagery, and has come to the conclusion 
that identification of control stations in the imagery is a significant 
source of error. He has therefore proposed a method of establishing 
control in the imagery. The proposal is contained in a papnr to be 
offered for publication in Australia in the near future. h ■' py of 
this draft is included luith this report. If there are any flaws in the 



undorsLaru] Lni| of thu tjuamoLric; char actor iolicG of Landsat imaycry, 
thpM it. would tK! a|i(iroc i ,3l nr1 if Umr.n inuif' prntit.i'd out so ttint 
time and effort would not be wasted in constructiny the control. 

It is anticipated that some control of this type may tie established 
in South Australia as part of our Landsat. -C proyram. 


DRAFT 


(^liOMr.iKic iTiriMC oi' i,Ar;nS/\r imaci.ry 


INTRODUCT ION 

f'.ili.-hinp, of field d.iln, or oilier digital I.ANDSAT data, to n frame of l.AN'DSAT 
imagery re<|iiir('s aeeiirate de b erm Inat i on of the position of Mi.it d.atn 
witliin tlie frame. Work by tlic .lulhors has .•^hovn Miat mat eli i ng of 
co-o rd i iM ( es for gicnnid del.iil to cor res|innd i in; position in ;i I-ANfiSAT image 
can he acliievcd to hotter Lli.in 0.5 pixel units (AO metres). 

In many areas lliere is little detail th.it ran he i dt n t i f ied • re 1 j ah ly to the 
nearest picture eJi'ment. Ibis wU! s ig,n i f i e.in f 1 y efIecL the ■■accuracy of 
m.atching, ground co-ordinates to LAN'DSAT scannr’r co-o i d i n.i t es . A method of 
recording, control In the imag.i'iy which will 1 i iii 1 n.i t e i dent 1 f i c.i t i on as a 
sig.nif leant .source of error is .suggested in tliis p.iper. 

Algorithm to Tr.'ins f o rm l.ANDSAf Sc.iniu’r Cooi d i ii.i I es to (..irtes i .in Coord ina te s 


'lliere is cons icier.i!) 1 (' lilc'ralure desrr i h iiij; the ;;eomelric cha r.ic t er i s t i cs of 
I.AND.RAl i’liag.ery The .luMior has developed .in algorithm in which the 

original scanner co-i-'rd in.it cs (l’,R) an' corrected f^r three systematic 
errors to give ad justed scanner ci.i-ordi nates (P^, S ). The adjusted sc.anner 
c.o-ord ina t.'^s iorin ;i carlesi.in coordinate system which i.s assumed to have 
.1 fixed hut unknown rotational and translational relationship with any 
other cartesian co-ordinate system. These rot.it ional and translational 
parameters are determiiu'd by a least S(]u;ires .id j us tnn.'iit . 

The systematic corrections app 1 iod -- to -.the. si'anne.r aio-ord i na te.s - ( P ^ .S) arc: 


( i) I'iarth rotation during, the satellite traverse lime across a f rame,uA«:k 
introdiic^'S a westerly shift of approx i m.i t (> 1 y I'l km at the efiuator. 
The correct, ion is Cj,- - TA.O cos (l.'ititude) me I res , every sixth 
scan 1 ine. 


(ii) 


(iii) 


_ t tA'fvl '.’.’l 

Va r j .ih 1 (' Mirror Vo 1 oc i ly. -Inl.roduccH- a m.iximum error In position of 
•\?.5 metres at the h, and l/A positions .ilong the scanline. The 
i-rr(.ir is app rox Ima te I y sinusoidal, of the form 


Cj^j - - 4 25.0 sin (2 tt .-v P/^,,|.) metros 

P = jiixel co-ordinate valni'. 

P = inimher of i> i xe I s per scan line. 

t\ y vlx, Vi'.xcl'-. fVA<vrAvto 

Einite Scan Time, causes a 2i6m sliift in position,— in the- loiig’-troelc- 
direeLion, across .a scan- line. 

Cj. = 21hibP/p'P metres 
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• md iirr *" • fn'-UU’ 


<oV -IVi. {^«*** 

Tlv' latiLiido or l ho r<'nt ro <'f i In' Ir.iirt', ^ ^ 

(i.ila, -U) Lh.il ('itlv 0’,S) aro roquirf'd |n I ol f' 1 hof.o om - 1 cc t i oiis . 

Tlu' ad)vislc'd ootir^l i iiatos woro invortod so that tlic axo.s 

arc npproximato ly aligned with the mai) cofirdinato axes. 


PAgb 

* QUALn y 


>~p' 


. . )’ ' = r*vF’l - cos (latitude) ■*- INT (S/(>) 

- 425.0 STN (2tt I’/P-p) 

s' = (2J40 - S) SI - 216 vp/p.^. 

(p',S*) adjusted .scanner coord I na to.s In moires 

PI = Pixel mitre .separntion along scan lino (metres) 

Si = Scanlinc separation (metres) 

2340 = Numher of scan lines in a frame: 

PI and SI will vary willi satellite orientation and elevation. Value.'? of 

PI and SI were de t errn i nerl by mmiiaring spheroid.il distance to scanner 

coordinate soparalion for lines .across the frame and along the centreline 

of the frame. The adopti’il v.alues of PI = 57.37 metres and SI - 77.05m. 

ore 

The Ceometrlc Correct ion>; 1 i.ste<l in Table 0.2-3 of the LAflDSAT Users llandhool:'^ i. 
will introtluce di.stortions that can he r. IoshIv modi’l I cd using, the relationships 

p’ ‘'o -‘ix f ''py ■* ''ixy I .)i,x^ I- .i^y^ 

s' = h^ I- hjX + hjY + hjxy + h,,x^ + h^y^ 

Ch.ing.e.s in sc.ile will .a I s<» he .allowed for by ( hesi> rt' 1 .a 1 i f'lish i ps ..o (hat v.alues 
(’f PI. SI c.an he set .and not redefined for e.ach i r.anu However -the-nuilior 
will .siiow I h.at tlu' proposed control r**li**K=on .accuv.ati’ v.alnes of I’l ami S 1 cKc 
beervo-so. brr.br..«.V C»..«\'eA dv\■•tT^rbo Unw, i.c> '■uvUVT>bbc''a 

fheise. relat ionships^.are used t o form nhservalion equal imis for the least 
squares adjustment, using a minimum of six control points. 
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MAP NOT AVAILABLE YET 



f-LNP 1 

R W print from S.A. |it'pL. nt !,:iiuls 1: 59000 To|) 0 )'r;ipli i i-nl M.ip ;incl 
overlay I roiii l ANDSAl' Olp.ilal print onl (I, Inc I’l inter) 


lU'Siilts Ai:Ii i ovc'd 


- /i - 


Tv’i) nrcMS li.ivc* licrii sliulifil. An arf.i ol ;i|'|)rox I iii.'i Lt* I y l/IA ol ;i lr;iinc‘, Ln 
tho north of Adelnlclo (M.ip 2) and subsequently an area of approxinately 
\ of a frame in the soutli cast of Soutli Australia (Map 3). 


\ 


MAP NOT AVAILABLE YET 


Map 2 I'raine I I 1 'i-OODhO (Yorke I’eninsuila) 
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MAP NOT AVAILABLE YET 




V/iLli I'psii I L;-i : - 

RT^TKODUCmiLITY OP THi . 

' PAGE IS POOR 


Point 

Scanner 

Coords 

Cartesian coord.s (Clarke) 

Residua Is 


P 

S 

K (m) 

t; (m) 

■SHH 

S 

1 

2636 

4 3 

167940 

823670 


0.61 

2 

2986 

83 

1889/0 

8184 10 

0. 1 3 

-0.49 

3 

3133 

146 

196970 

81 1400 

-0.01 

-0.06 

4 

2446 

280 

1 31330 

807120 

0.20 

-1.14 

5 

2819 

316 

174210 

800250 

0. 14 

-0.33 

6 

2982 

310 

184460 

799130 

-0.23.. 

0.70 

7 

2486 

378 

1 52260 

798400 

-0. 13 

0. 32 

8 

2319 

490 

1 3,2220 

/8H490 

-0.09 

0.80 

') 

27/3 

3 38 

1<.692() 

/8()()30 

0.08 

-0.80 

10 

3032 

461 

183910 

783340 

0.0 3 

0.21 


* rV Vorv\*Vt 

Across track = 0.14 (M.OOm) 

A«Lon}’ track = 0.08 (32. 4 '5m) 


( i L ) A rca 2 


Point 

Scaniu' 1 

Co or els 

Cartc.sian Coord.s (AMC) 

Kesidnals I 


P 

,S 

P, (m) 

N (m) 

P 

S 

1 

1 326.0 

I'Uil . 3 

489060 

3802310 

-0. 36 

30.32 

2 

1264.0 

1 764.2 

489480 

3818490 

0.91 

0.07 

3 

94 6.0 

1763.0 

471440 

5822300 

-0. 57 

-0.80 

4 

816.5 

18^3.0 

462420 

5817730 

0.02 

0. 34 

5 

894 . 0 

2082.0 

461970 

3798330 

-0. 30 

0.03 

6 

1 302.9 

1478.7 

497360 

3840030 

0. 31 

-0. 22 

7 

1 182.7 

1298.2 

494433 

3833410 

-0.8 7 

0.04 

8 

K)2 6.9 

9 11. 0 

493000 

3883610 

0.37 

0.08 

9 

989,3 

1482.0 

479640 

3843530 

0.03 

-0.23 

10 

306.0 

1737.4 

433710 

3832820 

1.10 

-0. 39 

1 1 

626.0 

1601 .0 

436610 

3838720 

0.04 

0.86 

12 

2 79.0 

1 383.0 

441530 

3839350 

-1.16 

0.00 

13 

103.2 

1187.3 

435380 

5876625 

0.64 

-0.4 3 

14 

421.1 

1210.9 

4 32980 

5871 180 

0,66 

0.18 

1.3 

34 . 0 

1656.0 

422200 

384 1220 

-0. 74 

0. 39 

16 

670. 0 

9 14. 0 

473390 

3890220 

-0.3 7 

0.04 

17 

580. 7 

2028.6 

445310 

3806190 

0.29 

c 

r-i 

d 

1 


'■^v J5«30iOL^io«\S. of QieT.i'Avicvls 


Aacross track = 0.66 ('58m) 

A*1op 8 track = 0.38 (29m) 
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I tIcMl i I i c.i L i oil ol Conliol 


7 . . 


Till' Rciicral location of control points was initially dono on 1:250,000 
photo^raplis of tlio LANOSAT imnp,cry. The area sclortod was tlicp printed from 
tlic dij’ital data and disrcrnalilo patterns on all four haiul.s wore conMned 
onto one line prinler im.ij’e. iliese jiaLLi'i'n'i .ind hmmda r i os discoincd on I ho 
imaf’ory wore then dipitisod and plotted at 1:50,000 or the niost snilahlo in.ip 
scale. An overlay was Him jnepaved for the con espi’iul i np, topographic map and 
a control point was selected within the area (as in Map 1). 

In hotli areas, a systematic d Lsl r ihnt ion of the conliol was sacrif Iced to 
arhlove l.ilplu'r reliability in I dent i fi cat ic'ii . 

Identification slimild he better in Area 2 than in Area 1 bec.inse of tlie 
p.ri’al er contrasts I'etwi'ini I lu’ jiinus radlat.i plantal ion.s .and adjacent 
detail, e i till r cu I t n ra I , ^ Vo.ads or pra^.lnp ansas. Of the control points 
in y\rca 2, more than half have residual;; that arc api'rox i ma te 1 v 
1 pixel in size, either alonp or at ripht angles to the scan line (sec Map A). 
Analysis iisinp better control would he ref|uii('d to ascertain the significance 
of tills ohsorvatinn. 

The results of this Lest are heller Lit in those leporti'd liy other worliers. 

WOMt;^ and DF.HOIir.lir/^ claim standard deviations of 'in-a5m alonp. I racb 
and A2-35in .acros;; tiack, however both were fill inp, a whole I.ANbSAi' frame 
to control comp.ared i <' the p.art frame tie, as considered in lliis p.api'r. 
i l\ I NDF.Il'* cl.aims .st.andaid deviations of bbm and lielicves Mint control 
ident if icat ion on the smaller scale majis used for this purpose 
s i pn i f ican 1 1 y contr ihiited to the larpcr error. 

The work described here sup,pcsts that: 


(1) Misidentif icat ion is prolialily a major cause of error. 

(ii) 111 areas of relatively i ml i st inpni .shall 1 e detail, as in tlio ca.se 
with larpo aieas of Australia, m i s- i den t i f i ca t ion wili he a more 
serious error th.an occurred here. 

(iii) Provision of control will allow detailed rin.alysis of rcsidn.al 
errors. This analysis may justify furtlier refinement of the 
alporithms used. 

(tv) Mapjiiiip to witliin 1:100,0(10 standards can lie .ichieved for portions 

of a frame .ind may lie (lossllile for larper .areas if inis-idrnt i f ication 
can he eliminated as a sipnificant source of error. 
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i (li'Mt i f I .ill I !• |•(•t•.lr(l on 1AN'I);^AT rm.iy.i'ry . A siiii'.lo mirror is ;i(U*(|n.ilo loi 
i (li lit i I y i 11 }’ llio control to the no.irost I'iclnio oli'inont. llowovor, the 
rosnits jijvcn iMilior siit’.f'.ost. lh.it t hi' i .un t: i f i i .i t i on of control needs 
*o he to hetter th.in 1/10 ol a picturi* element loi m 1 s- i den I i f i ca t i on to he 
(• H ill i n.t I ed .’IS .1 serious source ol error. 

Two sets of miirors, set up in .i similar m.inner to i e t rop,r.ide vioniers' 
would he loc.ited par.illel, .iiul per peiul i cn 1 .ir , to the sc.in lines (l)l.\<’.KAM I) 
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DIAC.KAM 1: Simplified diapr.im of Vernier Setup. 

A i;oriu r Mirror fConl rol. i’ointl 
o Anxilliary (Vernier) Mirrors 

C-JlIiKl' Value I’ixols (Due Lo Mirror,' 


The ':(irner mirror is the control point;. The sep.i r.i t i on between the mirrors 
is RreaLer than the [lixel separation so that within the vernier all pixels, 
exeept one, will contain a mirror and conseiiucnl 1 y have much hipher response 
values than the surrounding pixeKs. I’he jiosition of the i? i xo 1 v;ithin l lu' 
vernier th.at does not conl.iin .a mirror is related I ii the position of the 
control mirror within its pixel. 

l.et Rj^i be the response by those jiixels containinp a mirror, ami R^, be the 
surface response. As shown by IiVANS, pixels do not ch.iu)',e sharply from one 
respomie level, to the other, due to the sensor samplinp chariicter ist ic.s. 
and ;t t mosplier I c conditions. As a mirror moves from one' pixel to tlie 
adjacent pixel, tlie response of the pixel can be expected to change as an 
opive similar to that shown in Diagram 2. 



/ 10 


10 



VJ i t li i n ^ I Wit lion t 
pixel pixel 


Di ip,rnin 2: Ki'sponse nuainsl Mirror position in i>i>;el. 


'niorefori' (lie resnonse valnt.’s for I lie pixels alone, the vc'tnier will 
not exliihlt a sharp drop at the particular pixel. hut instead ai>prc)x imal e 
a continuous curve, the shapi' of wliirh tlei’ends upon the position of the 
mirrors within tlie pixels. This characteristic could he used to improve 
the resolution of a vernier for a f;iven mirror count. Tii i s is illustrated 
in Diajtram 3 in which I lu' pixel separation is HlOm. least count = 1 I'm so 
that that the vernier interval is llOin. In this d i.ip.riiii, I liric nosilioiis 
of llie control mirror witiiin tlie pixol are illustrated. (1.70, 0.73 and 0.80. 
Ihe author Invlieves tiiat the pixel response will he similar to tliat shown 
in vdiich rase a least count of 0.03 pixels should lu’ achieved, or alternat- 
iv’ely 5 mirrors should be |,’ivtu\ position to 0.10 pixils. 
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In I.ANDSAT there in. i ns i j'.n i F i c.in t nvei l.ip nlonj’ li;irk, Imi nljonl K)7. 
ovi'flnp .icross t r.ifli , i r i np, '|ii i 1 e fliflf'n’nl ;ip|ir<).ich('.s to es i ;i h I I sh i np, 

the vi'iniers in eit.ln-r d i tee t i on . 


Along Track 


Sent! I.Lne sopartit ion = 77.05m 


Venr‘''-r I. east Connl 


cl = 7.705m 

s 

10 


Vernier interval 


11 cl = 8/. .76m 

10 


Ihi.s vernier would work in tiu* same way as previcnisly dc'scrihecl, with the 
control mirror at the sontlicrly end of the vernier. 


Across Track 


The spacinp, of the jiixels along a scan line is shown in DIAORAM A. 
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I'i ing 51.57 as the pixel separation would mean that the Vernier interval 
would he 6'l.'3?.m so that every pixel would contain a mirror. 

Instead use the alternate pixels by settitip, the separation at 11,5.2m = dj,|. 

Vernier beast Count = cl|,, = 11. 52m 

10 

Vernier Interval ~ LL “ 12(i.72m 

10 ’’ 


Tlic^ responses from cMch set of pixels (c’vc'ii and odd st'ts) will he 

ec'iiip 1 imenl a rv to I In' ('liter as illustrated in Diap.ram 5 and .suilahle nu'dellinp. 

usinp, h(.th sets would he recpiired. 
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DIAC.RAM 5. 


C OWCLUS ION 

As pointed out liy FA'ANS, tiio repeatnb 11 i t v of F^ANDSAT makes 
es lab 1 i slimc'M I and ina ini ('iiamn* of mirror control stations .a relatively 
simple astronomical probleti. Provision c’f control will eliminate 
mi s- Ldent i f ical ion as a significant source of error in matching lii'ld 
data to the imagery, in temporal analysis^and in plottin>; frc'in the 
Imapory. The accuracy in this matching should he witliin l:100,00Fl 
mapf'iiit; spec i f i ca t ions , thereby significantly impre‘*sinp the value -hi of 
FANDSAT imagery to Australia. 
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